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1. 

METHOD FOR MAKING THREE 
DIMIENSIONAL MEMORY ARRAY 

ARCHITECTURE USING PHASE CHANGE 
AND OVONIC SWITCHING MATERALS 

PRIORITY INFORMATION 

This application is a Divisional of U.S. application Ser. No. 
13/600,699 filed Aug. 31, 2012, the specification of which is 
incorporated in its entirety herein by reference. 

TECHNICAL FIELD 

The present disclosure relates generally to semiconductor 
devices, and more particularly to three dimensional memory 
array architectures and methods of forming same. 

BACKGROUND 

Memory devices are typically provided as internal, semi 
conductor, integrated circuits in computers or other electronic 
devices. There are many different types of memory, including 
random-access memory (RAM), read only memory (ROM), 
dynamic random access memory (DRAM), Synchronous 
dynamic random access memory (SDRAM), resistance vari 
able memory, and flash memory, among others. Types of 
resistance variable memory include phase change material 
(PCM) memory, programmable conductor memory, and 
resistive random access memory (RRAM), among others. 
Memory devices are utilized as non-volatile memory for a 

wide range of electronic applications in need of high memory 
densities, high reliability, and data retention without power. 
Non-volatile memory may be used in, for example, personal 
computers, portable memory sticks, solid state drives (SSDs), 
digital cameras, cellular telephones, portable music players 
such as MP3 players, movie players, and other electronic 
devices. 

Constant challenges related to memory device fabrication 
are to decrease the size of a memory device, increase the 
storage density of a memory device, and/or limit memory 
device cost. Some memory devices include memory cells 
arranged in a two dimensional array, in which memory cells 
are all arranged in a same plane. In contrast, various memory 
devices include memory cells arranged into a three dimen 
sional (3D) array having multiple levels of memory cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a prior art two dimensional memory array. 
FIG. 2 illustrates a prior art three dimensional memory 

array. 
FIG. 3 illustrates a three dimensional memory array in 

accordance with a number of embodiments of the present 
disclosure. 

FIG. 4 illustrates a method for biasing of a three dimen 
sional memory array in accordance with a number of embodi 
ments of the present disclosure. 

FIG. 5 illustrates concentric memory cells located within a 
plurality of conductive lines in accordance with a number of 
embodiments of the present disclosure. 

FIG. 6A illustrates location of concentric memory cells 
within a grid of conductive lines in accordance with a number 
of embodiments of the present disclosure. 

FIG. 6B illustrates location of concentric memory cells 
partially within a grid of conductive lines in accordance with 
a number of embodiments of the present disclosure. 
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2 
FIG. 6C illustrates location of concentric memory cells 

having concentric heater material within a grid of conductive 
lines in accordance with a number of embodiments of the 
present disclosure. 

FIG. 6D illustrates location of concentric memory cells 
having concentric heater material partially within a grid of 
conductive lines in accordance with a number of embodi 
ments of the present disclosure. 

FIGS. 7A-C illustrate a simplified process flow for forming 
a three dimensional memory array of concentric memory 
cells in accordance with a number of embodiments of the 
present disclosure. 

FIGS. 8A-C illustrate a simplified process flow for forming 
a three dimensional memory array of concentric memory 
cells in accordance with a number of embodiments of the 
present disclosure. 

FIGS. 9A-D illustrate a simplified process flow for forming 
a three dimensional memory array of concentric memory 
cells having heater material in accordance with a number of 
embodiments of the present disclosure. 

DETAILED DESCRIPTION 

Three dimension (3D) memory arrays and methods of 
forming the same are provided. An example three dimension 
memory array can include a stack comprising a plurality of 
first conductive lines separated from one another by at least an 
insulation material, and at least one conductive extension 
arranged to extend Substantially perpendicular to the plurality 
of first conductive lines, such that the at least one conductive 
extension intersects a portion of at least one of the plurality of 
first conductive lines. Storage element material is formed 
around the at least one conductive extension. Cell select mate 
rial is formed around the at least one conductive extension. 

Embodiments of the present disclosure implement a verti 
cal integration of phase change material (PCM) memory cell. 
The disclosed three dimensional memory array is denser than 
conventional two dimensional memory arrays. Furthermore, 
the fabrication process can be less complex and less expen 
sive than other approaches, e.g., by reducing a mask count 
associated with forming a 3D array, to fabricating three 
dimensional memory array architectures in that a quantity of 
mask count is reduced. Therefore, the fabrication process of 
the present disclosure can be less expensive than that of 
previous approaches. 

In the following detailed description of the present disclo 
Sure, reference is made to the accompanying drawings that 
form a part hereof, and in which is shown by way of illustra 
tion how one or more embodiments of the disclosure may be 
practiced. These embodiments are described in sufficient 
detail to enable those of ordinary skill in the art to practice the 
embodiments of this disclosure, and it is to be understood that 
other embodiments may be utilized and that process, electri 
cal, and/or structural changes may be made without departing 
from the scope of the present disclosure. 
The figures herein follow a numbering convention in which 

the first digit or digits correspond to the drawing figure num 
ber and the remaining digits identify an element or compo 
nent in the drawing. Similar elements or components between 
different figures may be identified by the use of similar digits. 
For example, 102 may reference element “02 in FIG. 1, and 
a similar element may be referenced as 202 in FIG. 2. Also, as 
used herein, “a number of a particular element and/or feature 
can refer to one or more of such elements and/or features. 
As used herein, the term “substantially intends that the 

modified characteristic needs not be absolute, but is close 
enough so as to achieve the advantages of the characteristic. 



US 9.252,362 B2 
3 

For example, “substantially parallel' is not limited to abso 
lute parallelism, and can include orientations that are at least 
closer to a parallel orientation than a perpendicular orienta 
tion. Similarly, “substantially orthogonal is not limited to 
absolute orthogonalism, and can include orientations that are 
at least closer to a perpendicular orientation than a parallel 
orientation. 

FIG. 1 illustrates a prior art two dimensional memory array 
100. Various memory devices can include a memory array 
100. The memory array 100 can include a plurality of word 
lines 102, and a number of bit lines 104. The word lines 102 
are arranged Substantially parallel one another at one level. 
and the bit lines 104 are arranged substantially parallel one 
another at a different level. The word lines 102 and bit lines 
104 are further arranged Substantially perpendicular, e.g., 
orthogonal, to one another. The indices shown for each word 
line 102 and bit line 104 indicate the ordering of the respective 
lines within a particular level. 

In such architectures, the memory cells 106 can be 
arranged in a matrix of rows and columns. The memory cells 
106 can be located at the crossings of the word lines 102 and 
the bit lines 104. That is, the memory cells 106 are arranged in 
a cross point architecture. The memory cells 106 are located 
where word lines 102 and the bit lines 104 pass near one 
another, e.g., cross, overlap, etc. The word lines 102 and the 
bit lines 104 do not intersect one another since the word lines 
102 and the bit lines 104 are formed at different levels. 

FIG. 2 illustrates a prior art three dimensional memory 
array 208. The memory array 208 can include a plurality of 
word lines 210, 212, and a number of bit lines 214. Word lines 
210 are arranged substantially parallel one another at one 
level and word lines 212 are arranged substantially parallel 
one another at a different level. As shown in FIG. 2, bit lines 
214 are arranged substantially parallel one another at a level 
different than either of the levels at which word lines 210 and 
212 are located, e.g., between the levels at which word lines 
210 and 212 are located. The bit lines 214 are further arranged 
Substantially perpendicular, e.g., orthogonal, to word lines 
210, 212. 
Memory cells 216, 218 are shown in FIG. 2 arranged in a 

cross point architecture at the crossings of the word lines 210, 
212 and the bit lines 214. Memory cells 216 are arranged 
between word lines 210 and bit lines 214, and memory cells 
218 are arranged between word lines 212 and bit lines 214. As 
Such, the memory cells are arranged in multiple levels, each 
level having memory cells organized in a cross point archi 
tecture. The levels are formed at different levels from one 
another, thereby being vertically stacked. Memory cells are 
formed at levels between levels at which word lines 212 and 
bit lines 214 are formed. 

The three dimensional memory array 208 shown in FIG. 2 
includes memory cells 216, 218 having a common a bit line 
214, but separate word lines 210, 212. That is, compared to 
memory array 100 shown in FIG. 1, the additional level of 
memory cells in the memory array 208 necessitates addition 
of another level of word lines, e.g., word lines 212 above 
memory cells 218. Bit line 214 is common to those memory 
cells, 216 and 218, that are located vertically adjacent the bit 
line 214, e.g., directly above and directly below bit line 214. 
Such adjacency limits bit line 214 being common to at most 
two memory cells. More generally, a three dimensional 
memory array may have more stacked levels, e.g., configured 
as shown in FIG. 2, than are shown in FIG. 2. However, the 
addition of more levels of memory cells, such as by stacking 
a plurality of memory arrays 208 atop one another, necessi 
tates defining additional word lines for each additional level 
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4 
of memory cells, and defining additional bit lines for each 
new level (or at most, pair of levels) of additional memory 
cells. 
The indices shown for each word line 210, 212 indicate the 

level and the ordering of the word lines within a particular 
level. For example, word line 210 (WLao) is shown being 
located at position3 within level 0, and word line 212 (WL) 
is shown being located at position 3 within level 1. As such, 
memory cell 216 is shown in FIG. 2 being located between bit 
line 214, i.e., BL, and the word line below bit line 214, i.e., 
WLao, and memory cell 218 is shown in FIG.2 being located 
between bit line 214, i.e., BL, and the word line above bit line 
214, i.e., WL2. 

FIG.3 illustrates a three dimensional memory array 320 in 
accordance with a number of embodiments of the present 
disclosure. In a number of embodiments, access lines, which 
may be referred to as word lines (WLS), are disposed on a 
plurality of levels, e.g., elevations, decks, planes. For 
example, word lines can be disposed on N levels. Insulation 
material, e.g., dielectric material, separates the levels of word 
lines. As such, the levels of word lines separated by insulation 
material form a stack of WL/insulation materials. Data lines, 
which may be referred to as bit lines (BLS), are arranged 
Substantially perpendicular to the word lines, and located at a 
level above the N levels of word lines, e.g., at the N+1 level. 
Each bit line can have a number of conductive extensions, 
e.g., vertical extensions, in proximity to the word lines, with 
a memory cell formed between the vertical extension and the 
word line. 
The memory array 320 can include a plurality of conduc 

tive lines 322, e.g., access lines, which may be referred to 
hereinas word lines, and conductive lines 324, e.g., data lines, 
which may be referred to herein as bit lines. Word lines 322 
can be arranged into a number of levels. Word lines 322 are 
shown being arranged into four levels in FIG. 3. However, the 
quantity of levels into which the word lines 322 can be 
arranged are not limited to this quantity, and word line 322 
can be arranged into more, or fewer, levels. Wordlines 322 are 
arranged substantially parallel one another within a particular 
level. The word lines 322 can be aligned vertically in a stack. 
That is, word lines 322 in each of the multiple levels can be 
located at a same relative location within each level so as to be 
aligned with word lines 322 directly above and/or below. 
Insulation material (not shown in FIG. 3) can be located 
between the levels at which word lines 322 are formed and 
between word lines 322 at a particular level. 
As shown in FIG. 3, bit lines 324 can be arranged substan 

tially parallel one another at a level different than the levels at 
which word lines 322 are located, e.g., above the levels at 
which word lines 322 are located. That is, the bit lines can be 
located at the top of the memory array 320. The bit lines 324 
can be further arranged Substantially perpendicular, e.g., 
orthogonal, to word lines 322 so as to have overlappings, e.g., 
crossings at different levels, therebetween. However, 
embodiments are not limited to a strictly parallel/orthogonal 
configuration. 
The indices shown for each word line 322 in FIG.3 indicate 

the position, e.g., ordering, of the word lines within a particu 
lar leveland the level. For example, word line WLao is shown 
being located at position 2 within level 0 (a word line at the 
bottom of a stack of word lines located at position 2), and 
word line WL2 is shown being located at position 2 within 
level 3 (a word line at the top of a stack of word lines located 
at position 2). The quantity of levels into which the word lines 
322 can be arranged, and the quantity of word lines 322 at 
each level can be more, or fewer, than the quantities shown in 
FIG. 3. 
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At each overlapping of a bit line 324 and a stack of word 
lines 322, a conductive extension 326 of the bit line 324 is 
oriented substantially perpendicular to the bit line 324 and the 
word lines 322, so as to intersect a portion of each word line 
322 in the stack of word lines. For example, the conductive 
extension 326 of the bit line 324 can be arranged to extend 
vertically from the bit line 324 to intersect a portion the 
respective word lines 322 therebelow, as shown in FIG. 3. As 
shown, the conductive extension 326 can pass through a word 
line 322, so as to be surrounded entirely by the word line 322. 
According to a number of embodiments, the conductive 
extension 326 can pass near the word line 322, e.g., adjacent, 
such that a memory cell can be formed between the conduc 
tive extension 326 and the word line 322. 
Memory cells 328 are shown in FIG.3 arranged in a cross 

point architecture near the location of where the conductive 
extension 326 of a bit line 324 and the word lines 322 are in 
proximity to one another at different levels. In a number of 
embodiments, the memory cells 328 are located between the 
conductive extension 326 and the word lines 322. For 
example, where a conductive extension 326 passes through a 
portion of a word line 322, a memory cell 328 can be located 
between the conductive extension 326 and the word line 322. 
As such, the memory cells 328 can be arranged in multiple 

levels, each level having memory cells organized in a cross 
point architecture. The levels of memory cells 328 can be 
formed at different levels from one another, thereby being 
vertically stacked. The three dimensional memory array 320 
shown in FIG. 3 can include memory cells 328 having a 
common a bit line 324, but separate word lines 322. Although 
four levels of word lines 322 (and four corresponding levels 
of memory cells 328) are shown in FIG. 3, embodiments of 
the present disclosure are not so limited and can include more, 
or fewer, levels of word lines 322 (and corresponding levels of 
memory cells 328). Memory cells may be formed substan 
tially at the same levels as word lines are formed. 

According to a number of embodiments of the present 
disclosure, the memory cells 328 can be a resistance variable 
memory cell. For example, the memory cell 328 can include 
a phase change material (PCM), e.g., chalcogenide. Each 
memory cells 328 can also include a switch, e.g., a MOS 
transistor, a BJT, a diode, an ovonic threshold switch (OTS), 
among other types of Switches. An OTS can comprise chal 
cogenide material. Such as a chalcogenide material different 
than that used for the memory element. 

According to embodiments, a memory cell328 can include 
a storage element connected in series with a respective cell 
select device, e.g., cell access device, each formed concentri 
cally around the conductive extension 326 as explained in 
further detail with respect to FIG. 5 below. A number of 
embodiments include a three dimension memory array of 
phase change material (PCM) and switch memory cells, 
which can be referred to as a 3D PCMS array. For simplicity, 
FIG.3 shows a memory cell 328 located at an intersection of 
an extension326 and a word line322. However, embodiments 
of the present disclosure are not so limited and a memory cell 
328 can be located near a crossing of an extension 326 and a 
word line 322. 

FIG. 4 illustrates a method for biasing of a three dimen 
sional memory array in accordance with a number of embodi 
ments of the present disclosure. FIG. 4 shows a memory array 
430, which can be a portion of memory array 320 described 
with respect to FIG. 3. The memory array 430 can include a 
plurality of word lines 422, orthogonally-oriented bit lines 
424, and conductive extensions 436 coupled to and arranged 
to extend vertically down from the bit lines 424, perpendicu 
lar to both the word lines 422 and bit lines 424. 
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6 
To access, e.g., program or read, memory array 430, a 

balanced biasing scheme is adopted. The addressed word line 
422, i.e., word lines at the addressed position on the addressed 
level, and the addressed bit line are biased so that the voltage 
difference across them exceeds the threshold voltage of the 
respective cell select device. Unaddressed word lines 422 and 
unaddressed bit lines 424 are biased so that the voltage dif 
ference across any other pair of addressed and/or unaddressed 
word lines 422 and bit lines 424, does not exceed the thresh 
old voltage of the respective cell select device. For example, 
all other word lines 422 (including different word lines 422 
located in a same leveland word lines 422 located at different 
levels) and other bit lines 424 can be biased at an intermediate 
Voltage, e.g., a reference Voltage (V) Such as a mid-point 
voltage between addressed bit line and word line voltages. 
The addressed bit line 424 is shown in FIG. 4 as BL, 

and the unaddressed bit line 424 is shown as BL. The 
indices shown for each word line 422 in FIG. 4 correspond to 
the position of the word lines within a particular level and the 
level. The word lines 422 shown in FIG. 4 are annotated with 
ADDR for an addressed level or position within a level, and 
NOTADDR for an unaddressed level or different word line 
position within a level. Therefore, the addressed word line 
422 is shown in FIG. 4 as WL, or. Unaddressed word 
lines 422 shown in FIG. 4 as one of WLMotor, votor, 
WLNorador, ADDR, or WLApp.R. Not appr; to indicate that the 
unaddressed word line 422 is located at a position and/or a 
level that is not addressed. 

According to a number of embodiments, the unaddressed 
word lines 422 and unaddressed bit lines 424 can be biased to 
an intermediate voltage to reduce the maximum voltage drop 
with respect to either the addressed word line 422 or the 
addressed bit line 424. For example, the intermediate voltage 
can be chosen to be at a mid-point between the unaddressed 
word lines 422 and unaddressed bit lines. However, the inter 
mediate voltage can be selected to be different than a mid 
point voltage to minimize the disturb on the word lines 422 
and bit lines 424. 

FIG. 4 shows memory cell 442 between the addressed word 
line 422 and the addressed bit line 424 fully shaded to indicate 
the Voltage difference across memory cell 442 exceeding the 
threshold voltage, V. of the associated cell select device. FIG. 
4 shows undisturbed memory cells 438 between unaddressed 
word lines 422 and unaddressed bit lines 424 without any 
shading to indicate the Voltage difference across memory cell 
438 is insignificant, e.g., null. Zero. FIG. 4 also shows dis 
turbed memory cells 440 between unaddressed word lines 
422 and the addressed bit line 424, and disturbed memory cell 
441 between the addressed word line 422 and the unaddressed 
bit lines 424, as being partially shaded to indicate the Voltage 
difference thereacross is some intermediate Voltage that is 
less than the threshold voltage of the respective cell select 
device, e.g., V/2. It can be beneficial to bias unaddressed word 
lines 422 and unaddressed bit lines 424 to a same Voltage. 
The memory array structure has some similarities to three 

dimensional vertical channel NAND memories. However, 
accessing a memory cell involves passing current (which also 
flows in the addressed bit line 424 and/or addressed word line 
422) through the memory cell, e.g., a resistance variable 
memory cell. The balanced biasing scheme of the present 
disclosure allows a voltage drop above threshold to be 
obtained only on an addressed cell, i.e., on addressed word 
line, level, and bit line, while only disturbing cells along the 
addressed word line and bit line, at not-addressed bit lines and 
word lines, respectively, e.g., at most a minimum leakage 
current flows through the not addressed cells. 
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FIG. 5 illustrates concentric memory cells located within a 
plurality of conductive lines in accordance with a number of 
embodiments of the present disclosure. Within this disclo 
sure, “concentric' refers to structures substantially surround 
ing each other, and is not limited to exactly or quasi-exactly 
circular shapes or footprints, e.g., oval, square, or rectangular 
concentric memory cells may be formed. FIG. 5 shows a 
portion of a memory array, such as memory array 320 illus 
trated in FIG. 3. FIG. 5 shows a stack 544 comprising a 
plurality of conductive lines 522, e.g., word lines, at a number 
of levels separated from one another by at least an insulation 
material (not shown but located between conductivelines 522 
at 548). A conductive extension 554 is arranged to extend 
perpendicular to the plurality of conductive lines 522. The 
conductive extension 554 is communicatively coupled at one 
end to a bit line (not shown in FIG. 5). 

FIG. 5 shows the conductive extension 554 passing 
through each of the conductive lines 522 such that a cross 
section of the conductive extension 554 is completely sur 
rounded by a respective conductive line 522. However, 
embodiments of the present disclosure are not so limited, and 
the conductive extension 554 can be arranged so as to inter 
sect a portion of a respective conductive line 522 such that the 
conductive extension 554 is not completely surrounded by the 
conductive line 522, which is described further with respect to 
FIG. 6B. According to a number of embodiments, the con 
ductive extension 554 passes in proximity to a respective 
conductive line 522 rather than through it. 

FIG. 5 further shows storage element material 552, e.g., 
phase change material (PCM), and cell select device material 
550, e.g., ovonic threshold switch (OTS) material, concentri 
cally arranged around the conductive extension 554. 
Although FIG. 5 shows the PCM 552 is arranged adjacent to 
the conductive extension 554, and the OTS material 550 is 
arranged concentric to the PCM 552, embodiments of the 
present disclosure are not so limited. According to a number 
of embodiments, the OTS material 550 is arranged adjacent to 
the conductive extension 554, and the PCM 552 is arranged 
concentric to the OTS material 550. 

Although not shown in FIG.5 for clarity, additional mate 
rials may be concentrically formed between the conductive 
extension 554 and a respective conductive line 522, such as a 
heater material discussed further with respect to FIG. 6C. 
Another example is a material formed between the storage 
element material 552 and the cell select device material 550 to 
separate and/or provide protection between the storage ele 
ment material 552 and the cell select device material 550, to 
mitigate composition mixing, for instance. 
Where the conductive extension 554, concentric PCM552, 

and concentric OTS material 550 passes in proximity to a 
respective conductive line 522, a concentric memory cell, 
including a storage element connected in series with a respec 
tive cell select device, is formed between the conductive 
extension 554 and the conductive line 522. Concentric 
memory cells may be formed substantially at the same levels 
as word lines are formed, such that a concentric memory cell 
is substantially co-planar with a conductive line 522. 
The storage element can be a resistance variable storage 

element. The resistance variable storage element may include 
a PCM, for instance, among other resistance variable storage 
element materials. In embodiments in which the resistance 
variable storage element comprises a PCM, the phase change 
material can be a chalcogenide alloy Such as an indium(In)- 
antimony(Sb)-tellurium(Te) (IST) material, e.g., InSb, Tes, 
InSbTe, InSb, Tez, etc., or a germanium(Ge)-antimony 
(Sb)-tellurium(Te) (GST) material, e.g., Ges.SbsTes, 
GeSbTes, GeSbTe, GeSb, Tez, GeSbTez, or etc., 
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8 
among other phase change materials. The hyphenated chemi 
cal composition notation, as used herein, indicates the ele 
ments included in a particular mixture or compound, and is 
intended to represent all stoichiometries involving the indi 
cated elements. Other phase change materials can include 
Ge—Te. In Se, Sb Te, Ga—Sb. In Sb, As—Te, Al Te, 
Ge—Sb Te, Te–Ge–As, In—Sb Te, Te—Sn Se, 
Ge—Se–Ga, Bi-Se-Sb, Ga-Se Te, Sn—Sb Te, 
In Sb–Ge, Te—Ge—Sb–S.Te–Ge–Sn—O, Te—Ge 
Sn—Au, Pd Te–Ge–Sn, In Se Ti-Co, Ge—Sb 
Te Pd, Ge Sb Te Co, Sb Te Bi-Se. Ag In 
Sb Te, Ge Sb Se Te, Ge Sn-Sb Te, Ge Te 
Sn Ni, Ge—Te–Sn—Pd, and Ge—Te—Sn Pt, for 
example. Other examples of resistance variable materials 
include transition metal oxide materials or alloys including 
two or more metals, e.g., transition metals, alkaline earth 
metals, and/or rare earth metals. Embodiments are not limited 
to a particular resistive variable material or materials associ 
ated with the storage elements of the memory cells. For 
instance, other examples of resistive variable materials that 
can be used to form storage elements include binary metal 
oxide materials, colossal magnetoresistive materials, and/or 
various polymer based resistance variable materials, among 
others. 
The memory cells comprising a cell select device in series 

with a phase change material, can be referred to as phase 
change material and switch (PCMS) memory cells. In a num 
ber of embodiments, the concentrically arranged cell select 
device functions as a two-terminal OTS, for instance. The 
OTS material can include, for example, a chalcogenide mate 
rial that is responsive to an applied voltage across the OTS. 
For an applied Voltage that is less thana threshold Voltage, the 
OTS remains in an “off” state, e.g., an electrically noncon 
ductive state. Alternatively, responsive to an applied Voltage 
across the OTS that is greater than the threshold voltage, the 
OTS enters an “on” state, e.g., an electrically conductive 
state. Responsive to an applied Voltage near a threshold Volt 
age, the Voltage across the OTS may 'snapback to a holding 
Voltage. 

In a number of embodiments, the concentrically-formed 
storage element can function as a two-terminal phase change 
storage element. However, embodiments of the present dis 
closure are not limited to PCMS cross-point arrays or a par 
ticular cell select Switch. For instance, the methods and appa 
ratuses of the present disclosure can be applied to other cross 
point arrays Such as arrays utilizing resistive random access 
memory (RRAM) cells, conductive bridging random access 
memory (CBRAM) cells, and/or spin transfer torque random 
access memory (STT-RAM) cells, among other types of 
memory cells, for example. 

In a number of embodiments, the resistance variable stor 
age element material can comprise one or more of the same 
material(s) as the cell select device material. However, 
embodiments are not so limited. For example, the resistance 
variable storage element material and the cell select device 
material can comprise different materials. 
The materials described herein may be formed by various 

thin film techniques including, but not limited to, spin coat 
ing, blanket coating, chemical vapor deposition (CVD) Such 
as low pressure CVD, plasma enhanced chemical vapor depo 
sition (PECVD), atomic layer deposition (ALD), plasma 
enhanced ALD, physical vapor deposition (PVD), thermal 
decomposition, and/or thermal growth, among others. Alter 
natively, materials may be grown in situ. While the materials 
described and illustrated herein may be formed as layers, the 
materials are not limited thereto and may be formed in other 
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three-dimensional configurations. Fabrication techniques are 
discussed further with respect to FIG. 7A-9C. 

FIG. 6A illustrates location of concentric memory cells 
within a grid of conductive lines in accordance with a number 
of embodiments of the present disclosure. FIG. 6A shows a 
top view of a portion of a memory array 656. The memory 
array 656 includes a plurality of first conductive lines 622, 
e.g., word lines, and a plurality of second conductive lines 
624, e.g., bit lines, arranged perpendicular to the first conduc 
tive lines 622. 

For example, the first conductive lines 622 and second 
conductive lines 624 can be formed of a metallic material, a 
polysilicon material, e.g., doped polysilicon material, among 
others. Other levels of first conductive lines 622, e.g., other 
levels of word lines, can be present below the word lines in 
level j shown in FIG. 6A. The first conductive lines 622 and 
second conductive lines 624 overlap and thereby form a grid 
of conductive lines. 
The first conductive lines 622 at a number of elevations can 

be formed, for example, by patterning a first stack alternating 
conductive materials and insulating materials into a number 
of discrete stacks. That is, the alternating conductive materi 
als and insulating materials can be etched to form trenches 
(laterally) between a number of stacks of conducting/insulat 
ing materials defining a footprint offirst conductive lines. The 
trenches between the number of stacks so formed can be filled 
with insulating materials, e.g., dielectric, in order to separate 
first conductive lines at a particular elevation from one 
another. 

Each stack can comprise a plurality of first conductive lines 
622 (vertically) separated from one another by insulating 
material, and (laterally) separated from other first conductive 
lines 622, e.g., in other stacks, by the insulating material used 
to fill the trenches. A profile view of one such stack is shown, 
for example, with respect to FIG. 7A, among others. 

Second conductive lines 624 can be similarly formed by 
patterning, etching, and forming insulating materials 
between respective second conductive lines. However, as sec 
ond conductive lines may be formed at only one elevation (at 
a time), so that Such formation may not involve a stack of 
alternating conductive and insulating materials. As used 
herein, a “footprint of a conductive line refers to the outline 
of a particular conductive line when formed, e.g., the outline 
of a stack comprising first conductive lines. Vias may be 
formed through portions of the first and second conductive 
lines in Subsequent processing, which may change the result 
ing boundary of a conductive line; however, the term “foot 
print’ is used herein in referring to the original boundaries of 
the first conductive line, e.g., immediately prior to the forma 
tion of a via therethrough. 
As shown in FIG. 6A, concentric memory cells 649, such 

as those described with respect to FIG. 5, can be formed at 
location where the first conductive lines 622 and second con 
ductive lines 624 overlap. That is, the concentric memory 
cells 649 can be formed where the first conductive lines 622 
and second conductive lines 624 appear to intersect. Because 
the first conductive lines 622 and second conductive lines 624 
are formed at different levels, they do not actually intersect 
one another. One memory cell 649 is formed at each word 
line-bit line overlap, e.g., at each level of the plurality of 
conductive line levels (indicated by j in FIG. 6A). 

Conductive extension 654 is substantially orthogonal to 
first conductive lines 622 and second conductive lines 624, 
e.g., it extends through the page in FIG. 6A. FIG. 6A shows in 
cross section (in a plane parallel to conductive lines 622) a 
conductive extension 654 passing through each first conduc 
tive line 622, for example, passing through a center line of a 
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10 
respective first conductive line 622. A storage element mate 
rial 652, e.g., phase change material (PCM), and cell select 
device material 650, e.g., ovonic threshold switch (OTS) 
material, can be concentrically arranged around the conduc 
tive extension 654. Although FIG. 6A shows the storage 
element material 652 is arranged adjacent to the conductive 
extension 654, and the cell select device material 650 is 
arranged concentric to the storage element material 652, 
embodiments of the present disclosure are not so limited, and 
the cell select device material 650 can be arranged to be 
adjacent to the conductive extension 654 with the storage 
element material 652 arranged concentric to the cell select 
device material 650. 
As shown in FIG. 6A, the conductive extension 654 can 

also be arranged to extend from a location on the center line 
of the second conductive lines 624. However, embodiments 
are not so limited, and the conductive extension 654 can be 
coupled to a respective second conductive line 624 offset 
from a centerline location while still passing through a center 
line of the first conductive line, e.g., by varying slightly in 
horizontal positioning from that shown in FIG. 6A. 

FIG. 6A shows the concentric memory cells 649 are 
located within a footprint, e.g., inside the outline of the struc 
ture, of the first conductive lines 622 at each level where first 
conductivelines 622 are formed in the stack of materials. That 
is, a cross-section of the conductive extension 654, the stor 
age element material 652, and the cell select device material 
650 is wholly located withina footprint of the first conductive 
line 622 as these concentrically-arranged materials pass 
through a first conductive line 622 formed at each of a plu 
rality of levels. The cut line A-A shown in FIG. 6A provides 
a reference for the views shown in FIGS. 7A-7C. 

FIG. 6B illustrates location of concentric memory cells 
partially within a grid of conductive lines in accordance with 
a number of embodiments of the present disclosure. FIG. 6B 
shows a top view of a portion of a memory array 670. The 
memory array 670 includes a plurality of first conductive 
lines 622, e.g., word lines, and a plurality of second conduc 
tive lines 624, e.g., bit lines, arranged perpendicular to the 
first conductive lines 622. Other levels of first conductive 
lines 622, e.g., other levels of word lines, can be present below 
the word lines in level shown in FIG. 6B. The first conductive 
lines 622 and second conductive lines 624 overlap and 
thereby form a grid of conductive lines. 
As shown in FIG. 6B, concentric memory cells 672, similar 

in structure but different in location with respect to the first 
conductive lines 622 to those described with respect to FIG. 5, 
can be formed at location in proximity to where the first 
conductive lines 622 and second conductive lines 624 over 
lap. That is, the concentric memory cells 672 can be formed 
near where the first conductive lines 622 and second conduc 
tive lines 624 appear to intersect (the first conductive lines 
622 and second conductive lines 624 are formed at different 
levels such that they do not actually intersect one another). 
One concentric memory cell 672 can be formed in proximity 
of each word line-bit line overlap, e.g., at each level of the 
plurality of conductive line levels (indicated by j in FIG. 6B). 
A storage element material 652 and cell select device mate 

rial 650 can be concentrically arranged around the conductive 
extension 654. Although FIG. 6B shows the storage element 
material 652 is arranged adjacent to the conductive extension 
654, and the cell select device material 650 is arranged con 
centric to the storage element material 652, embodiments of 
the present disclosure are not so limited, and the cell select 
device material 650 can be arranged to be adjacent to the 
conductive extension 654 with the storage element material 
652 arranged concentric to the cell select device material 650. 
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Conductive extension 654 is substantially orthogonal to 
first conductive lines 622 and second conductive lines 624, 
e.g., it extends through the page in FIG. 6B. FIG. 6B shows in 
cross section (in a plane parallel to conductive lines 622) a 
conductive extension 654, the storage element material 652, 
and the cell select device material 650 passing through a 
portion of each first conductive line 622, such that these 
concentrically-arranged materials are not completely Sur 
rounded, e.g., enclosed at the level of each first conductive 
line 622, by the first conductive line 622. As such, only a 
portion of the circumference of the storage element material 
652 and/or cell select device material 650 are in contact with 
the first conductive line 622 (at the level of the first conductive 
line 622). In this manner, the volume of the storage element 
material 652 involved in a phase change is less than when the 
storage element material 652 and/or cell select device mate 
rial 650 passes wholly through the first conductive line 622. 

For example as shown in FIG. 6B, materials comprising the 
concentric memory cell 672 can be arranged such that a 
centerline of the concentric memory cell 672 is aligned with 
an edge, e.g., along a longest dimension, of a respective first 
conductive line 622. That is, materials comprising the con 
centric memory cell 672 can be located one-half within and 
one-half outside a footprint of a respective first conductive 
line 622. However, embodiments of the present disclosure are 
not so limited, and materials comprising the concentric 
memory cell 672 can be located so as to have some portion 
located within and a remaining portion located outside a 
footprint of a respective first conductive line 622. 
By this arrangement, only a portion of the materials com 

prising the concentric memory cell 672 are located between 
conductive extension 654 and the first conductive line 622. As 
such, a reduced volume of storage element material 652 is 
effectively used in storing information. Accordingly, less 
energy can be required to program and/or erase the reduced 
Volume of storage element material 652. Such as informing an 
amorphous region in the PCM. Also, the useful section for 
first conductive line 622 sinking current is increased with 
respect to a same width of first conductive line 622 in the case 
where the conductive extension 654 passes through, e.g., a 
center of, and is fully surrounded by the first conductive lines 
622, such as is shown in FIG. 6A. Alternatively, a reduced 
effective memory cell size is obtained by using a smaller first 
conductive line 622 width for a given resistivity per unit 
length; however, Such an approach is more sensitive to mis 
alignment between the concentric memory cell 672 and the 
first conductive line 622. 

FIG. 6C illustrates location of concentric memory cells 647 
having concentric heater material within a grid of conductive 
lines in accordance with a number of embodiments of the 
present disclosure. FIG. 6C shows a top view of a portion of 
a memory array 657. The memory array 657 includes a plu 
rality of first conductive lines 622, e.g., word lines, and a 
plurality of second conductive lines 624, e.g., bit lines, 
arranged perpendicular to the first conductive lines 622. 
Other levels of first conductive lines 622, e.g., other levels of 
word lines, can be present below the word lines in level 
shown in FIG. 6C. The first conductive lines 622 and second 
conductive lines 624 overlap and thereby form a grid of 
conductive lines. 
As shown in FIG. 6C, concentric memory cells 647, of 

similar structure to those described with respect to FIG. 5 but 
with an additional concentric material, can be formed at loca 
tion where the first conductive lines 622 and second conduc 
tive lines 624 overlap. That is, the concentric memory cells 
647 can be formed where the first conductive lines 622 and 
second conductive lines 624 appear to intersect. However, the 
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12 
first conductive lines 622 and second conductive lines 624 are 
formed at different levels so they do not actually intersect one 
another. One concentric memory cell 647 can be formed in 
proximity of each word line-bit line overlap, e.g., at each level 
of the plurality of conductive line levels (indicated by in FIG. 
6C). 

FIG. 6C shows in cross section a conductive extension 654 
passing through each first conductive line 622, for example, 
passing through a center line of a respective first conductive 
line 622. A storage element material 652, e.g., phase change 
material (PCM), and cell select device material 650, e.g., 
ovonic threshold switch (OTS) material, can be concentri 
cally arranged around the conductive extension 654. A heater 
material 645 can be concentrically arranged around the con 
ductive extension 654, storage element material 652 and/or 
cell select device material 650 such that the heater material 
645 is adjacent to the storage element material 652, as shown 
in one configuration in FIG. 6C. It should be noted that the 
relative positioning of the storage element material 652 and 
cell select device material 650 is reverse in FIG. 6C from that 
shown in FIG. 6A (so that the storage element material 652 is 
positioned adjacent the heater material 645), e.g., an alternate 
configuration as discussed with respect to FIG. 6A. 
The structure of a concentric memory cell that includes 

only a PCM memory element and an OTS, e.g., concentric 
memory cell 649 shown in FIG. 6A, can require a relatively 
high amount of current in order to completely form an amor 
phous region at the entire interface between the OTS and the 
PCM. For a circular footprint of the concentric memory cell 
649, the active volume is about 2 tritGST*tWL where 2 tris 
the circumference of the vertical conductive extension 654, 
tGST is the thickness of PCM material 652, and tWL is the 
thickness of first conductive line 622. The active volume can 
be reduced by making the first conductive line 622 thinner, at 
the expense of increased resistance for the first conductive 
line 622. 

According to a number of embodiments of the present 
disclosure, the effective thickness of the first conductive line 
622 can be reduced while substantially maintaining overall 
resistance of the majority of the first conductive lines 622 to 
acceptable magnitudes by forming, e.g., depositing, a thin 
heater material 645 (thin relative to the thickness of the first 
conductive line 622 material) adjacentathick first conductive 
line 622 material (thick relative to the thickness of the heater 
material 645). 
The concentric memory cell 647 can be configured such 

that only the thin heater material 645 is in contact with the 
storage element material 652 and/or cell select device mate 
rial 650, which serves to funnel current passing through the 
first conductive lines 622 into a smaller cross-section, thereby 
increasing localized current flow in the storage element mate 
rial 652. The relatively thicker profile of the first conductive 
lines 622 provides a lower resistance of the first conductive 
lines 622, and the relatively thinner heater material 645 near 
the storage element material 652 decreases the effective 
cross-sectional area of the first conductive lines 622 at the 
concentric memory cells 647 So as to concentrate current 
flow. As such, the thin heater material 645 effectively reduces 
the active Volume being Subjected to phase change (because 
of the relatively thinner heater material 645 thickness) and 
may act as a heater that can heat-up by a Joule effect, therefore 
providing more concentrated energy and increased tempera 
ture to the adjacent storage element material 652. Although 
the term “heater material' is used in this disclosure to distin 
guish from other materials and structures, embodiments of 
the present disclosure are not limited to heater material that 
itself increases in temperature. That is, “heater material' is 
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intended to designate a material and/or structure that can 
concentrate current flow so as to confine a Volume of the 
storage element material 652 involved in a phase change, and 
which Such current concentration can increase localize tem 
perature in a particular volume of the storage element mate 
rial 652. 
The effective size of a concentric memory cell, e.g., 649 

shown in FIG. 6A, 672 shown in FIG. 6B, and 647 shown in 
FIG. 6C, of the present disclosure can be large compared to 
other memory cell configurations due to the coaxial arrange 
ment and volumes of the storage element material 652 and/or 
cell select device material 650. As such, a single concentric 
memory cell may not be a minimum size for a given technol 
ogy node. However, the fabrication process allows for stack 
ing several levels of memory cells without increasing the 
array mask count proportionally since it is not necessary to 
define first conductive lines 622, e.g., word lines, and second 
conductive lines 624, e.g., bit lines, for each additional level. 

Although FIG. 6C shows the cell select device material 650 
is arranged adjacent to the conductive extension 654, and the 
storage element material 652 is arranged concentric to the 
storage element material 652, embodiments of the present 
disclosure are not so limited, and the cell select device mate 
rial 650, the storage element material 652, and the heater 
material 645 can be arranged, for example, in a reversed 
order. 
As shown in FIG. 6C, the conductive extension 654 can 

also be arranged to extend Vertically through a location on the 
center line of the second conductive lines 624. However, 
embodiments are not so limited, and the conductive extension 
654 can be coupled to a respective second conductive line 624 
offset from a center line location while still passing through a 
centerline of the first conductive line, e.g., by varying slightly 
in horizontal positioning from that shown in FIG. 6C. 

FIG. 6C shows the concentric memory cells 647 are 
located within a footprint of the first conductive lines 622 at 
each level where first conductive lines 622 are formed in the 
stack of materials. That is, a cross-section of the conductive 
extension 654, the cell select device material 650, the storage 
element material 652, and the heater material 645 is wholly 
located within a footprint of the first conductive line 622 as 
these concentrically-arranged materials pass through a first 
conductive line 622 formed at each of a plurality of levels. 

According to a number of embodiments, to improve con 
ductivity of the first conductive lines 622 and minimize mis 
alignment problems of the materials forming the concentric 
memory cells 647 passing through the first conductive line 
622 so as to have a cross-section completely Surrounded by 
material of the first conductive line 622 at some level, the first 
conductive lines 622 can be formed having dimensions 
greater than a possible minimum size since the storage ele 
ment material 652 and the cell select device material 650 are 
more resistive than the first conductive lines 622 material. 
The cut line B-B shown in FIG. 6C provides a reference for 

the views shown in FIGS. 9A-9C. 
FIG. 6D illustrates location of concentric memory cells 

673 having concentric heater material partially within a grid 
of conductive lines in accordance with a number of embodi 
ments of the present disclosure. FIG. 6D shows a top view of 
a portion of a memory array 671. Concentric memory cells 
having concentric heater material are described above with 
respect to FIG. 6C. The misalignment of the concentric 
memory cells with the overlaps of the first conductive lines 
622 and second conductivelines 624 are described above with 
respect to FIG. 6B, such that the concentric memory cells 
intersect the first conductive lines 622 in a manner that less 
than all of the concentric memory cells are surrounded by a 
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particular first conductive line 622. These features can be 
combined, as illustrated with respect to concentric memory 
cells 673 in FIG. 6D. In this manner, the first conductive line 
622 conductivity improvement and reduced programming 
energy requirements associated with a reduced active Volume 
can be simultaneously obtained. 

FIGS. 7A-C illustrate a simplified process flow for forming 
a three dimensional memory array 760 of concentric memory 
cells, e.g., concentric memory cells 649 shown in FIG. 6A, in 
accordance with a number of embodiments of the present 
disclosure. The view shown in FIGS. 7A-C is along cut line 
A-A shown in FIG. 6A. FIG. 7A shows formation, e.g., 
deposit, of a number of alternating insulating materials 748, 
e.g., dielectric, and conductive materials 722 (from which 
first conductive lines are formed) over an etch stop material 
762, e.g., Substrate material. 

Vias 764, e.g., holes, can be formed, e.g., etched, through 
the alternating insulating materials 748 and conductive mate 
rials 722, for example stopping at the etch-stop material 762. 
By formation of Vias a portion of conductive materials 722 
can be removed such that the resulting area of the first con 
ductive materials 722 may exclude the area removed in form 
ing the via. However as previously discussed, the term “foot 
print’ of the first conductive materials 722 refers to the 
boundary of the first conductive materials 722 just prior to 
forming a via therethrough, e.g., a via may pass, in whole or 
in part, through the footprint of the first conductive materials 
T22. 

FIG. 7B shows that vias 764 can be filled by subsequently 
forming, e.g., depositing, a cell select device material 750, 
e.g., ovonic threshold Switch (OTS) material, a storage ele 
ment material 752, e.g., phase change material (PCM), and a 
conductive extension material 754, e.g., metallic material, 
such that the result is the cell select device material 750 and 
storage element material 752 are concentric around the con 
ductive extension material 754, e.g., shown in FIG. 7B.. As 
described above, other materials may be formed, e.g., depos 
ited, before, after, and/or between cell device select material 
750, storage element material 752, and/or conductive exten 
sion material 754, for example to form adhesion layers or 
barriers against interdiffusion of materials. 
FIG.7C shows that cell select device material 750, storage 

element material 752, and conductive extension material 754 
can be removed above the upper, e.g., last, insulating material 
748. Such as by etching and/or chemical-mechanical polish 
ing (CMP) to isolate individual concentric memory cells 749 
from one another. The second conductive lines 724, e.g., bit 
lines, can be formed over the filled vias, such that the second 
conductive lines 724 are communicatively coupled to the 
conductive extension material 754. 

According to a number of embodiments, the second con 
ductive lines 724 can be alternatively formed using a self 
aligning etch leaving the cell select device material 750 and 
storage element material 752 in-place above the upper insu 
lating material 748 and below the second conductive lines 
724, e.g., by directly patterning and etching the conductive 
extension material 754. According to another embodiment, a 
damascene process can be used for forming the second con 
ductive lines 724. 

FIGS. 8A-C illustrate a simplified process flow for forming 
a three dimensional memory array 866 of concentric memory 
cells with separated Switching devices in accordance with a 
number of embodiments of the present disclosure. It can be 
seen in FIG.7C that the cell select device material 750 depos 
ited at the outermost radial position of the concentric memory 
cell is contiguous vertically between different levels of first 
conductive lines 722. The process flow shown in FIGS. 8A-C 
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results in the cell select device material associated with dis 
crete memory cells, and deposited at the outermost radial 
position of the concentric memory cell, to be separated 
between different levels (corresponding to different first con 
ductive lines). 
The view shown in FIGS. 8A-C is along cut line A-A 

shown in FIG. 6A. Although the separation between different 
concentric memory cells is described here with respect to the 
cell select device material, the relative radial locations of cell 
select device material and storage element material can be 
Swapped such that the storage element material is located at 
the outermost radial position of the concentric memory cell, 
and the storage element material is separated between differ 
ent concentric memory cells. 

FIG. 8A shows deposit of a number of alternating insulat 
ing materials 848, e.g., dielectric, and conductive materials 
822 over a etch stop material 862. By formation of vias a 
portion of conductive materials 822 can be removed such that 
the resulting area of the first conductive materials 822 may 
exclude the area removed in forming the via. However as 
previously discussed, the term “footprint of the first conduc 
tive materials 822 refers to the boundary of the first conduc 
tive materials 822 just prior to forming a via therethrough, 
e.g., a via may pass, in whole or in part, through the footprint 
of the first conductive materials 822. Vias, e.g., holes, can be 
etched through the alternating insulating materials 848 and 
conductive materials 822, for example stopping at the etch 
stop material 862 (similar to that shown in FIG. 7A for vias 
764). During or after via formation the conductive materials 
822 are recessed to result in the configuration of via 868 
illustrated in FIG. 8A. The recesses 869 in the conductive 
materials 822 can be formed with a selective etch of an 
exposed region of the conductive materials 822 in the via 868 
Such as by a non-directional etch, e.g., wet etch. 

FIG. 8B shows cell select device material 855 deposited 
into via 868, onto the sidewalls thereof, which fills the areas 
left by the recessed conductive materials 822 comprising the 
first conductive lines, as shown. 

FIG. 8C shows cell select device material 855 removed 
from the top Surface, i.e., above the upper insulating material 
848, and removed from the sidewalls of the vias, such as by a 
directional etch, e.g., dry etch. This leaves the cell select 
device material 855 only in the discrete areas left by the 
recessed conductive materials 822. Thereafter, storage ele 
ment material 852, e.g., PCM, and conductive extension 854, 
e.g., metallic vertical bit line extension, material can be 
formed in the via as shown. According to the process illus 
trated with respect to FIG. 8A-C, the cell select device mate 
rial 855 is formed only as a plurality of discrete ring structures 
around the conductive extension 854 of the second conduc 
tive lines and storage element material 852 at the crossing of 
the first conductive lines 822, thereby reducing electrical 
leakage and interference between vertically adjacent concen 
tric memory cells 867. The storage element material 852 and 
conductive extension 854 material can be further processed, 
and second conductive lines, e.g., bit lines, formed thereover, 
as described with respect to FIG.7C. 
FIGS.9A-C illustrate a simplified process flow for forming 

a three dimensional memory array 980 of concentric memory 
cells 994 having heater material in accordance with a number 
of embodiments of the present disclosure. The formation 
process shown and described with respect to FIG. 9A-C is 
similar to that shown and described with respect to FIG. 
8A-C, with the exception that an additional heater material is 
included. The view shown in FIGS. 9A-C is along cut line 
B-B shown in FIG. 6C. As discussed with respect to FIG. 6C, 
configurations of the concentric memory cells 994 include the 
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storage element material 952 and heater material 945 being 
adjacent in order to achieve reduced programming energy 
requirements associated with a reduced active Volume. 

FIG. 9A shows deposit of a number of alternating insulat 
ing materials 948, e.g., dielectric, heater material 945, and 
conductive materials 922 over a etch stop material 982. By 
formation of vias a portion of conductive materials 922 can be 
removed such that the resulting area of the first conductive 
materials 922 may exclude the area removed in forming the 
via. However as previously discussed, the term “footprint of 
the first conductive materials 922 refers to the boundary of the 
first conductive materials 922 just prior to forming a via 
therethrough, e.g., a via may pass, in whole or in part, through 
the footprint of the first conductive materials 922. Vias 990 
can be etched through the alternating insulating materials 
948, heater material 945, and conductive materials 922, for 
example stopping at the etch stop material 982. 

During or after via 990 formation (similar to that shown in 
FIG. 8A for via 868), the conductive materials 922 can be 
recessed to result in the configuration illustrated in FIG.9A. 
The recesses 969 in the conductive materials 922 can be 
formed with a selective etch of an exposed region of the 
conductive materials 922 in the via such as non-directional 
etch, e.g., wet etch. The non-directional etch can be specific to 
the conductive materials 922 but not (or less so) the heater 
material 945, which can be a different material than the con 
ductive materials 922. 

Insulating material 992 can be deposited into via 990, 
including onto the sidewalls thereof, filling the recesses 969, 
e.g., areas left by the recessed conductive materials 922 (com 
prising the first conductive lines). Note this is different than 
depositing the cell select device material 855 into the recesses 
869 as shown in FIG. 8B. The insulating material 992 can be 
removed from the top surface, i.e., above the upper insulating 
material 948, and removed from the sidewalls of the vias 990, 
Such as by a directional etch, e.g., dry etch, which can leave 
the insulating material 992 only in the recesses 969, e.g., 
discrete areas left by the recessed conductive materials 922, 
while exposingaportion of heater material 988 at the sidewall 
of vias 990, as shown in FIG.9B. 

According to a number of alternative embodiments, rather 
than form recesses 969 in the conductive materials 922, 
depositing insulating material 992 and etching to remove all 
but the insulating material 992 in the recesses 969, the con 
ductive materials 922 can be selectively oxidized (with or 
without forming the recesses 969) to form insulating material 
992. 
FIG.9C shows that vias 990 can be filled by subsequently 

forming, e.g., depositing, a storage element material 952, e.g., 
phase change material (PCM) (corresponding to storage ele 
ment material 652 shown in FIG. 6C), a cell select device 
material 950, e.g., ovonic threshold switch (OTS) material 
(corresponding to cell select device material 650 shown in 
FIG. 6C), and a conductive extension material 954, e.g., 
metallic material, (corresponding to conductive extension 
654 shown in FIG. 6C) such that the result is the cell select 
device material 952 and storage element material 950 are 
concentric around the conductive extension material 954 
within the via 990, with the storage element material 952 
being adjacent the heater material 945. 

Because the area left by recessing the first conductive line 
material 922 is filled with insulating material 992, current 
flowing in the first conductive lines 922 is routed all to the 
heater material 945, with a relatively smaller cross-sectional 
area, in the vicinity of the concentric memory cell, thereby 
concentrating the current toward a smaller Volume of storage 
element material 952 involved in phase changes, as indicated 
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in FIG.9C at 999. As discussed in detail above with respect to 
FIG. 6C, the use of heater material 945 effectively reduces 
first conductive line 922 thickness in the vicinity of the stor 
age element material 952, thereby involving a smaller active 
Volume in phase changes, and also increases current density 
in the heater material 945, which heats-up due to the Joule 
effect and transfers energy, i.e., raises temperature, to the 
storage element material 950. As such, the heater material 
945 is so named since it may act as a heater. 
The cell select device material 950, storage element mate 

rial 952, and conductive extension material 954 can be further 
processed, and second conductive lines, e.g., bit lines, formed 
thereover, as described with respect to FIG. 7C. 
FIG.9D illustrates the result of a process flow for forming 

a three dimensional memory array 981 of concentric memory 
cells 993 having first conductive lines, e.g., word lines, with 
an interceding heater material in accordance with a number of 
embodiments of the present disclosure. After considering 
FIG. 9A-C with respect to one process for forming heater 
materials adjacent the concentric memory cell, an alternative 
process for forming the heater material interceding to the first 
conductive lines will be understood by considering the con 
figuration shown in FIG. 9D in comparison to the configura 
tion shown in FIG.9C. 

The configuration of memory array 981 shown in FIG.9D 
can be formed by depositing a number of instances of insu 
lating materials 948, e.g., dielectric, conductive material 985, 
heater material 945, and conductive material 985 over a etch 
stop material 982. The two conductive materials 985 com 
prise the first conductive lines, e.g., word lines, which have a 
heater material 945 disposed therebetween, e.g., interceding 
to the first conductive line. 

Vias 990 can be etched through the number of instances of 
insulating materials 948 and first conductive lines having the 
interceding heater material, e.g., conductive material 985, 
heater material 945, and conductive material 985 (similar to 
that shown in FIG. 8A for via 868). The conductive materials 
985 can be each recessed with a non-directional etch, e.g., wet 
etch, similar to the result illustrated in FIG. 9A except that 
each heater material 945 can have a recess969 in the adjacent 
conductive materials 985 above and below the heater material 
945. The non-directional etch can be specific to the conduc 
tive materials 985 but not (or less so) the heater material 945, 
which can be a different material than the conductive mate 
rials 985. 

Insulating material 991 can be deposited into the via, 
including onto the sidewalls thereof, filling the areas left by 
the recessed conductive materials 985 above and below the 
heater material 945 that extends beyond the ends of the con 
ductive materials 985. The insulating material 991 can be 
removed from the top surface, i.e., above the upper insulating 
material 948, and removed from the sidewalls of the vias, 
Such as by a directional etch, e.g., dry etch, which can leave 
the insulating material 991 only in the discrete areas left by 
the recessed conductive materials 985, immediately above 
and below the heater materials 945. 
The resulting vias can be filled by Subsequently forming, 

e.g., depositing, a storage element material 952, e.g., phase 
change material (PCM), a cell select device material 950, e.g., 
ovonic threshold switch (OTS) material, and a conductive 
extension material 954, e.g., metallic material, such that the 
result is the cell select device material 950 and storage ele 
ment material 952 are concentric around the conductive 
extension material 954, as shown in FIG.9D. As discussed in 
detail above with respect to FIG. 6C, the use ofheater material 
945 effectively reduces first conductive line 922 thickness in 
the vicinity of the storage element material 952, thereby 
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involving a smaller active Volume in phase changes, and also 
increases current density in the heater material 945, which 
heats-up due to the Joule effect and transfers energy, i.e., 
raises temperature, to the storage element material 952. As 
such, the heater material 945 is so named since it may act as 
a heater. 

During operation, current flowing in the first conductive 
lines, i.e., conductive materials 985, is routed all to the heater 
material 945, with a relatively smaller cross-sectional area, in 
the vicinity of the concentric memory cell, thereby concen 
trating the current toward a smaller Volume of storage ele 
ment material 952 involved in phase changes, as indicated in 
FIG.9C at 997. The cell select device material 950, storage 
element material 952, and conductive extension material 954 
can be further processed, and second conductive lines, e.g., 
bit lines, formed thereover, as described with respect to FIG. 
7C. 

It should be noted that the use of heater material, as 
described with respect to FIG. 9A-D can be applied to vias 
formed to intersect and be fully surrounded by first conduc 
tive lines within overlaps of first and second conductive lines, 
e.g., locations illustrated in FIG. 6C, or applied to vias formed 
to intersect only a portion (and not be fully surrounded by) 
first conductive lines, e.g., locations illustrated in FIG. 6D, 
among others. 
The example embodiment with a “misaligned vertical 

conductive extension, e.g., not intersecting a first conductive 
line so as to be entirely surrounded by the first conductive 
line, effectively reduces active volume since only a portion of 
the circumference, e.g., semi-circumference, of the via inter 
acts with a given first conductive line, e.g., word line. An 
embodiment having a "misaligned” vertical conductive 
extension can also reduce memory cell space since the first 
conductive line width can be relatively more narrow since a 
smaller portion of its width is impacted by formation of the 
via. 

Although the amount of surface area between the cell select 
device material, e.g., OTS, and the storage element material, 
e.g., PCM, is decreased, a relatively large current between 
these two materials may be used to amorphize the entire 
volume of the storage element material. The active volume is 
about 2 tritGST*tWL where 27tr is the (portion) of the cir 
cumference of the storage element material at the interface 
with adjacent material (which can be further adjusted for 
configurations where only a portion of the circumference 
interacts with the storage element material), tGST is the 
active storage element material thickness, and tWL is the 
effective first conductive line, e.g., word line, thickness. 
Effective first conductive line thickness can be reduced to a 
thickness of a heater material 945, th, while maintaining 
overall first conductive line resistance acceptable, pursuant to 
the embodiments illustrated with respect to FIG.9A-D. 

According to Some embodiments, for each deckathin layer 
of storage element material, e.g., PCM such as GST, can be 
flat-deposited so as to be communicatively coupled with the 
first conductive line material, e.g., in direct contact with the 
first conductive line material similar to the heater material 
configuration shown in FIG.9C, or sandwiched between two 
layers of the first conductive line material similar to the heater 
material configuration shown in FIG.9D. The first conductive 
line material ends at the sidewalls of a via can be recessed and 
insulated by selective etch or oxidation (as previously 
described with respect to FIGS. 9A-D but with the storage 
element material extending to the vertical conductive exten 
sion material, e.g., 954 in FIG. 9D), through the cell select 
device material. For clarity, the resulting structures are simi 
lar to those represented in FIGS. 9C and 9D and described 
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above, with the modification that the storage element material 
would be represented by portions corresponding to reference 
number 945 in FIGS. 9C and 9D, and portions corresponding 
to reference number 952 would not be present. 

According to some embodiments, a three dimension 
memory array can include a stack comprising a plurality of 
first conductive lines adjacent storage element material at a 
number of levels separated from one another by at least an 
insulation material. The storage element material forms a 
protrusion with respect to each of the plurality of first con 
ductive lines. Such as at an edge thereof. At least one conduc 
tive extension can be arranged to extend Substantially perpen 
dicular to the plurality of first conductive lines and adjacent 
storage element material. The cell select material can be 
formed within the via between the storage element material 
protrusion and the at least one conductive extension. 

This embodiment can reduce the overall cell dimensions 
since only two materials are in the vertical BL portion, e.g., 
the cell select material and the conductive extension material. 
This embodiment also confines the active storage element 
material volume of a memory cell to between the first con 
ductive line and the vertical conductive extension, reducing 
active storage element material Volume to 
2UrtGST*EXTWL where 2 tris the (portion) of the circum 
ference of the storage element material at the interface with 
adjacent material (which can be further adjusted for configu 
rations where only a portion of the circumference interacts 
with the storage element material), tGST is the active storage 
element material thickness, and EXTWL is the extension of 
thin storage element material, e.g., GST, from the relatively 
thicker low-resistance first conductive line material. 

Although specific embodiments have been illustrated and 
described herein, those of ordinary skill in the art will appre 
ciate that an arrangement calculated to achieve the same 
results can be substituted for the specific embodiments 
shown. This disclosure is intended to cover adaptations or 
variations of various embodiments of the present disclosure. 
It is to be understood that the above description has been made 
in an illustrative fashion, and not a restrictive one. Combina 
tion of the above embodiments, and other embodiments not 
specifically described herein will be apparent to those of skill 
in the art upon reviewing the above description. The scope of 
the various embodiments of the present disclosure includes 
other applications in which the above structures and methods 
are used. Therefore, the scope of various embodiments of the 
present disclosure should be determined with reference to the 
appended claims, along with the full range of equivalents to 
which such claims are entitled. 

In the foregoing Detailed Description, various features are 
grouped together in a single embodiment for the purpose of 
streamlining the disclosure. This method of disclosure is not 
to be interpreted as reflecting an intention that the disclosed 
embodiments of the present disclosure have to use more fea 
tures than are expressly recited in each claim. Rather, as the 
following claims reflect, inventive subject matter lies in less 
than all features of a single disclosed embodiment. Thus, the 
following claims are hereby incorporated into the Detailed 
Description, with each claim standing on its own as a separate 
embodiment. 

What is claimed is: 
1. A method of forming a memory array, comprising: 
forming a stack comprising a plurality of first conductive 

lines adjacent heater material, the first conductive lines 
adjacent heater material separated from one another by 
insulation material; 
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forming a via through the stack Such that at least a portion 

of the via passes through each of the plurality of first 
conductive lines and adjacent heater material; 

forming a recess at an exposed region of each of the first 
conductive lines in a wall of the via; 

forming an insulating material within the recess; 
forming storage element material over the insulating mate 

rial within the via in contact with the heater material but 
not in contact with the first conductive lines; 

forming a cell select material over the storage element 
material; and 

forming a conductive extension over cell select material 
within the via. 

2. The method of claim 1, whereinforming the via through 
the stack comprises forming a via that tangentially intersect a 
longest dimension of each of the plurality of first conductive 
lines and adjacent heater material. 

3. The method of claim 1, whereinforming the via through 
the Stack comprises forming a via that is not entirely Sur 
rounded by a first conductive line and adjacent heater material 
of the plurality of first conductive lines and adjacent heater 
material. 

4. The method of claim 1, wherein: 
forming the storage element material includes forming 

phase change material (PCM); and 
forming cell select material includes forming ovonic 

threshold switch (OTS) material. 
5. The method of claim 1, whereinforming the stack com 

prising the plurality of first conductive lines adjacent heater 
material includes forming the heater material interceding 
with the first conductive lines. 

6. The method of claim 5, wherein forming the heater 
material interceding with the first conductive lines includes 
forming the heater material between portions of the first con 
ductive lines. 

7. The method of claim 1, wherein forming a conductive 
extension over cell select material within the via includes 
forming a conductive extension over cell select material 
within the via such that the cell select material and the storage 
element material are therearound. 

8. The method of claim 1, further comprising forming a 
second conductive line over the plurality of first conductive 
lines and the conductive extension. 

9. A method of forming a memory array, comprising: 
forming a stack comprising a plurality of first conductive 

lines at a number of levels separated from one another by 
at least an insulation material; 

forming at least one conductive extension arranged to 
extend substantially perpendicular to the plurality of 
first conductive lines, such that the at least one conduc 
tive extension intersects a portion of at least one of the 
plurality of first conductive lines: 

forming a second conductive line over the plurality of first 
conductive lines and the at least one conductive exten 
sion; 

forming storage element material around the at least one 
conductive extension; and 

forming a cell select material around the at least one con 
ductive extension. 

10. The method of claim 9, whereinforming the at least one 
conductive extension includes forming the at least one con 
ductive extension to pass through at least one of the plurality 
of first conductive lines. 

11. The method of claim 9, further comprising forming a 
plurality of second conductive lines to extend substantially 
perpendicular to the plurality of first conductive lines at a 
different level than the number of levels the plurality of sec 
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ond conductive lines arranged to extend Substantially perpen 
dicular to the at least one conductive extension. 

12. The method of claim 11, whereinforming the at least 
one conductive extension includes forming the at least one 
conductive extension to be coupled to at least one of the 
plurality of second conductive lines. 

13. The method of claim 11, whereinforming the plurality 
of second conductive lines includes forming the plurality of 
second conductive lines over the plurality of first conductive 
lines and the at least one conductive extension. 

14. The method of claim 11, whereinforming the plurality 
of second conductive lines includes forming the plurality of 
second conductive lines arranged to extend Substantially per 
pendicular to the plurality of first conductive lines at a level 
above the plurality of first conductive lines. 

15. The method of claim 11, wherein: 
forming the storage element material includes forming the 

storage element material of phase change material 
(PCM) concentrically around the at least one conductive 
extension; and 

forming the cell select material includes forming the cell 
select material of ovonic threshold switch (OTS) mate 
rial concentrically around the at least one conductive 
extension. 

16. The method of claim 15, whereinforming the storage 
element material of PCM located between the at least one 
conductive extension and each of the at least one of the 
plurality of first conductive lines intersecting the at least one 
conductive extension. 
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17. The method of claim 15, whereinforming the storage 

element material of OTS material located between the at least 
one conductive extension and each of the at least one of the 
plurality of first conductive lines intersecting the at least one 
conductive extension. 

18. A method of forming a memory array, comprising: 
forming a stack comprising a plurality of first conductive 

lines at a number of levels separated from one another by 
at least an insulation material; 

forming storage element material adjacent the stack, the 
storage element material protruding from each of the 
plurality of first conductive lines at an edge thereof; 

forming at least one conductive extension arranged to 
extend substantially perpendicular to the plurality of 
first conductive lines and adjacent storage element mate 
rial; and 

forming cell select material between the storage element 
material and the at least one conductive extension. 

19. The method of claim 18, wherein: 
forming storage element material includes arranging the 

storage element material adjacent to the at least one 
conductive extension; and 

forming the cell select material includes arranging the cell 
Select material concentric to the storage element mate 
rial. 

20. The method of claim 19, whereinforming the cell select 
material includes arranging a cross-section of the cell select 
material to be located within one of the plurality of first 
conductive lines. 


